Recent advances demonstrate a relationship between chronic/recurrent inflammation and prostate cancer (PCA). Among inflammatory regulators, toll-like receptors (TLRs) have a critical role in innate immune responses. However, it remains unclear whether variant TLR genes influence PCA risk among men of African descent. Therefore, we evaluated the impact of 32 TLRassociated single-nucleotide polymorphisms (SNPs) on PCA risk among African Americans and Jamaicans. SNP profiles of 814 subjects were evaluated using Illumina's Veracode genotyping platform. Single and combined effects of SNPs in relation to PCA risk were assessed using age-adjusted logistic regression and entropy-based multifactor dimensionality reduction (MDR) models. Seven sequence variants detected in TLR6, TOLLIP (Toll-interacting protein), IRAK4 (interleukin-1 receptor-associated kinase 4) and IRF3 (interferon regulatory factor 3) were marginally related to PCA. However, none of these effects remained significant after adjusting for multiple hypothesis testing. Nevertheless, MDR modeling revealed a complex interaction between IRAK4 rs4251545 and TLR2 rs1898830 as a significant predictor of PCA risk among US men (permutation testing P-value ¼ 0.001). However, these findings require further assessment and validation.
INTRODUCTION
Prostate cancer (PCA) is one of the most frequently diagnosed cancers among western men of African origin and is the second leading cause of their cancer-related deaths. 1, 2 In the United States, African-American men are more likely to receive a PCA diagnosis and die from the disease than any other racial or ethnic group. Between 2003 and 2007, the average annual PCA incidence and mortality rates among African-American men were 1.6 and 2.4 higher than Caucasian-American men, respectively. Moreover, several studies indicate similar PCA disparities between American men and Caribbean men. 1, 3, 4 On the basis of the 2008 worldwide statistics, age-standardized death rates among Caribbean men were 2.65-fold higher than American men. 4 Ethnicity, age and family history are a few risk factors that have been implicated in determining PCA risk. More recently, chronic inflammation has also been considered as an important contributor of PCA, yet the precise etiology of this disease still remains unknown. [5] [6] [7] Prostate inflammation may occur as the result of direct infection by microbial pathogens, chemical irritation caused by urine reflux, hormone imbalances and/or autoimmunity. Thus, any or all of the aforementioned factors may also have a role in inflammationinduced PCA. Evolutionarily conserved toll-like receptors (TLRs) have an essential role in regulating innate immune responses to harmful pathogens, as depicted in Figure 1 . [8] [9] [10] In humans, some TLRs (for example, TLR1, TLR2, TLR4, TLR5 and TLR6) are located on the cell surface, whereas others remain within the intracellular compartments (for example, TLR3, TLR7 and TLR9). 11 Cell surface TLRs recognize pathogens either directly or with the aid of extracellular accessory proteins (for example, CD-14 and MD-2). Upon pathogen recognition, the cytoplasmic domain of TLRs is activated, which enables their interaction with adapter molecules (for example, MyD88, TRIM and TRIF). TLR-adapter molecule complexes then recruit downstream targets [for example, IRAK4 (interleukin-1 receptor-associated kinase 4) and TRAF6 (TNF receptor-associated factor 6)], resulting in the activation of transcription factors, such as nuclear factor-kB and interferon regulatory factors (IRFs) via mitogenactivated protein kinase signaling integrators. 8, [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] Overall, TLR signaling cascades induce the expression of inflammatory chemokines, cytokines (tumor necrosis factor-a and interleukins) and interferons, which prompt local inflammation.
The TLR signaling pathway also impacts apoptosis, a form of 'programmed cell death' that influences cell differentiation, proliferation and tumorigenesis. Specifically, TLR2, TLR4, IRAK1, IRAK2, IRAK4 and MyD88 regulate both cell survival and cell death signaling pathways. [23] [24] [25] [26] [27] Genetic alterations in these TLR genes may dysregulate apoptosis, resulting in tumor escape from cell death, uncontrolled cell proliferation, an increase in cellular damage, accumulation of genetic alterations and ultimately increased susceptibility to PCA. [28] [29] [30] TLR-related sequence variants have been evaluated in relation to a variety of human inflammatory and immune response-related diseases, 9, 10, [31] [32] [33] [34] [35] [36] [37] including PCA. [38] [39] [40] [41] [42] [43] [44] [45] [46] Among the individual TLR single-nucleotide polymorphisms (SNPs) analyzed, TLR1 rs57430604, TLR10 rs4274855, rs11096957 and rs11096955, and TLR4 rs1927911 have been linked to an increase in the risk of developing PCA. [38] [39] [40] [41] [42] At the same time, studies have also identified several TLR SNPs (TLR1 rs4833095, TLR1 rs5743595, TLR4 rs1927911, TLR4 rs2149356, TLR10 rs4274855 and TLR10 rs11096957) associated with a decrease in PCA risk 43, 44 or with no effect (TLR4 rs1927906, TLR4 rs1927911, TLR6 rs5743810, TLR6 rs3821985, TLR6 rs1039559 and TLR10 rs11466640). 39, [43] [44] [45] [46] Although the relationship between genetic alterations and PCA is controversial, available published reports typically focus on men of Asian or European descent. Yet, little or no data addresses the impact of TLR-related sequence variants on PCA risk among men of African descent, even though this population suffers disproportionately from this disease.
This study examined the role of TLR signaling pathway sequence variants on PCA among men of African descent. We evaluated the effects of 32 TLR SNPs individually or jointly on PCA susceptibility among 814 African-American and Jamaican men. Main effects and complex interactions were assessed using conventional and bioinformatic techniques, including logistic regression (LR) and entropy-based multifactor dimensionality reduction (MDR). Investigation of genetic susceptibilities detected within the TLR signaling pathway will provide a better understanding of their influence on PCA risk among men of African descent.
RESULTS

Population description
The demographic and other pertinent characteristics of cases and controls for the entire study population and each study center are summarized in Table 1 and Supplementary Tables A and B. Overall, men diagnosed with PCA were 14 years older and had higher PSA levels than controls (Po0.0001). Among controls, Jamaican men were about 9 years older and had higher PSA levels (Po0.0001) and as well as higher median Gleason scores (P ¼ 0.018) than US men. There were no significant differences in family history of PCA with respect to the following: (1) cases to controls from the total population (P ¼ 0.316) ( Table 1) , US alone (P ¼ 0.592) ( Supplementary Table A ) or Jamaica alone (P ¼ 0.272) ( Supplementary Table B ), and (2) controls (P ¼ 0.757) or cases (P ¼ 0.830) comparing the two study centers (data not shown). Among African-Americans, the degree of West African ancestry did not vary by disease status, as shown in Supplementary Table A; [47] [48] [49] however, no such data were collected for the Jamaican men.
Minor allele and genotype frequency among men of African descent from the United States and Jamaica Overall, the average minor allele frequency for TLR-associated SNPs among disease-free US and Jamaican men combined was 23.3% [standard deviation (sd) ¼ 15.8], as shown in Supplementary  Table C . When stratified by study site, the minor allele frequencies for US and Jamaican men were 23.3% (sd ¼ 16.1) and 21.9% (sd ¼ 14.9), respectively. When the TLR-associated SNPs among the total population (that is, US and Jamaican men combined) were analyzed, 87.5% had minor allele frequencies X5%.
Association between TLR-associated sequence variants and PCA risk Three TLR-associated markers (TLR6 rs2381289, TOLLIP (Tollinteracting protein) rs3168046 and TOLLIP rs5743899) were modestly linked with PCA susceptibility for the total population under the age-adjusted LR models, as shown in Table 2 . In particular, possession of the TLR6 rs2381289 GA or TOLLIP rs5743899 AG þ GG genotypes was marginally associated with a 1.46-to 1.49-fold increase in the risk of developing PCA. In contrast, TOLLIP rs3168046 AA carriers had a marginally significant 42% reduction in PCA susceptibility [odds ratio (OR) age-adjusted ¼ 0.58; 95% confidence interval (95% CI) ¼ 0.35, 0.98]. However, none of these markers remained significant after adjusting for multiple hypothesis testing.
Upon stratification by study center, 6 of the 32 candidate TLRassociated SNPs were identified as modestly significant determinants of PCA risk after adjusting for age, as shown in Table 3 . Within the US population, a nominal 40-66% reduction in PCA susceptibility was observed among men who possessed one or Figure 1 . The TLR signaling pathway is initiated via activation of TLRs, followed by adaptor complex formation, IRAK and/or TRAF6 activation to induce subsequent mitogen-activated protein kinase, nuclear factor-kB (NF-kB) and IRF activation, nuclear translocation and regulation of pro-or anti-inflammatory gene expression. IL, interleukin; IRAK, interleukin-1 receptor-associated kinase; LTA, lipoteichoic acid; LPS, lipopolysaccharides; MMP, matrix metalloproteinase; PARP, poly (ADP-ribose) polymerase; PGN, proteoglycans; TNF, tumor necrosis factor; TOLLIP, Toll-interacting protein; TRAF6, TNF receptor-associated factor 6.
more IRAK4 (rs4251545A and rs4251473A) or TLR6 rs5743818C minor alleles; however, the relationship was strongest for carriers of the IRAK4 rs4251545 AA genotype (OR age-adjusted ¼ 0.34; 95% CI ¼ 0.13, 0.91). Moreover, the TOLLIP rs5743899 locus, under the recessive genetic model (GG vs AG þ AA), was modestly associated with a 1.14-fold increase in the risk of developing PCA (OR age-adjusted ¼ 1.14; 95% CI ¼ 1.12, 1.18). Among Jamaican men, IRF3 rs2304206, TLR6 rs2381289 and TLR6 rs5743818 were marginally associated with PCA risk. For instance, inheritance of the IRF3 rs2304206 GG genotype (OR age-adjusted ¼ 0.32; 95% CI ¼ 0.10, 0.98) was linked to a modestly significant 68% reduction in PCA susceptibility. On the other hand, there was a 1.10-to 2.0-fold increase in PCA risk associated with inheriting the TLR6 rs2381289 GA þ AA (OR age-adjusted ¼ 2.05; 95% CI ¼ 1.10, 3.78) or TLR6 rs5743818 AC þ CC GA (OR age-adjusted ¼ 1.10; 95% CI ¼ 1.06, 1.14) genotypes. Notably, additive genetic models for IRF3 rs2304206 and TLR6 rs2381289 were significantly related to PCA risk, which was modestly suggestive of a significant dose-response effect in relation to the number of inherited minor alleles (P-trend 0.037 and 0.019, respectively). These modest associations, however, did not persist after adjustments for multiple hypothesis testing. Abbreviations: PSA, prostate-specific antigen; WAA, West African ancestry. a Wilcoxon's rank-sum test was used to examine whether differences exists within median age (years). b w 2 Test of heterogeneity was used to determine whether the prevalence of family history or high PSA levels (PSA X4 ng ml À 1 ) vary between cases and controls, PSA (ng ml À 1 ) and global WAA between cases and controls. Abbreviations: CI, confidence interval; FDR, false discovery rate; miRNA, microRNA binding site; OR, odds ratio; SNP, single-nucleotide polymorphism; TLR, Tolllike receptor; TOLLIP, Toll-interacting protein UTR, untranslated region. *Fisher's P-value was calculated when expected genotype counts were o5 for both cases and controls. Significant associations are indicated in boldface.
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Analysis of gene-gene interactions using MDR MDR modeling was used to efficiently assess and validate ageadjusted gene-gene interactions for the total population, US men alone and Jamaican men alone in relation to PCA risk. The top one-, two-and three-way interaction models for the total population, involving US and Jamaican men combined, displayed 100% cross-validation consistency (CVC) values, 57-65% average testing accuracy (ATA) scores and permutation P-values ¼ 0.001, as shown in Table 4A . However, the three-way interaction among TLR6 rs2381289, TLR10 rs11096957 and IRF3 rs2304206 was selected as the best PCA predictor for men of African descent, as this model had the highest average testing accuracy (ATA ¼ 0.6505). This three-way interaction was primarily driven by a synergistic relationship between TLR6 rs2381289 and IRF3 rs2304206 (data not shown). CVC and ATA scores for all one-, two-and three-factor models among US men were significant and characterized as 90-100% and 57-62%, respectively, as described in Table 4B . However, interaction between TLR2 rs1898830 and IRAK4 rs4251545 was chosen as the best PCA predictor, based on a higher ATA (61.94%) and lower permutation testing value (P ¼ 0.001) relative to the best three-factor model (P ¼ 0.015). The two-way interaction, as shown in Figure 2 , was highly synergistic since the joint information gain score (2.33%) exceeded the mutual information gain scores for TLR2 rs1898830 alone (0.04%) and IRAK4 rs4251545 alone (1.30%).
For the Jamaican population, the one-way model containing the TLR6 rs2381289 loci was the best PCA-related MDR model based on a 62.7% prediction accuracy score and significant permutation P-value (P ¼ 0.0018). Although the two-and three-way models both had high CVC scores (X80%), these models failed to reach statistical significance.
DISCUSSION
Dysregulation and genetic alterations in immune system function are linked to many cancers. In particular, it is estimated that approximately 20% of all human cancers, including PCA, are associated with chronic inflammation. 28, 50 TLR activation, a key initiator of inflammation and dysregulation of TLR-responsive pathways, has been associated with cancer susceptibility. This study evaluated 32 TLR-associated sequence variants to determine their individual and joint modifying effects on PCA risk among 279 cases and 535 disease-free men of African descent. Out of the 32 minor variant alleles, 7 were modestly associated with a 1.14-to 2.05-fold increase (TLR6 rs2381289 and TOLLIP rs5743899) or a 39-68% decrease (TOLLIP rs3168046, IRAK4 rs4251473, IRAK4 rs4251545, IRF3 rs2304206 and TLR6 rs5743818) in the risk of developing PCA either in the total population and/or the stratified analysis, after adjusting for age. Among US men, there was a nominal 40-66% reduction in PCA susceptibility among those who possessed one or more IRAK4 (rs4251545 and rs4251473) or TLR6 rs5743818 minor alleles. We also found that the TOLLIP rs5743899 SNP under the recessive genetic model (GG vs AG þ AA) was modestly associated with a 1.14-fold increase in the risk of developing PCA (OR age-adjusted ¼ 1.14; 95% CI ¼ 1.12, 1.18) among men of African descent from the United States. The TOLLIP rs3168046 SNP was unique to the total population, whereas the three markers (IRAK4 rs4251473, IRAK4 rs4251545 and TLR6 rs2381289) were unique to the US men. Jamaican and US subgroups each had one SNP in common with the total population, namely TLR6 rs2381289 and TOLLIP rs5743899, respectively. Among Jamaicans, both the IRF3 rs2304206 and TLR6 rs2381289 loci were significant under the additive genetic model. However, only the TLR6 rs2381289 SNP for the Jamaican population remained statistically significant after adjusting for age and multiple hypothesis testing (permutation P-value ¼ 0.018).
Finally, we examined main effects and interactions of TLRassociated SNPs as predictors of PCA using age-adjusted MDR and found that the best model varied depending on the composition of the study population. Among US men of African descent, the best predictor of PCA risk was the two-factor interaction between IRAK4 rs4251545 and TLR2 rs1898830. Several investigators have evaluated the link between PCA outcomes and TLR-associated (TLR1, TLR4, TLR6, TLR10 and IRAK4) sequence variants. Collectively, nine studies evaluated 14 out of the 32 SNPs considered in this study with mixed findings. [38] [39] [40] [41] [42] [43] [44] [45] [46] 51 In the Cancer of the Prostate Study (CAPS), inheritance of one or more TLR1 rs4833095 and TLR10 rs11096955 and rs11096957 minor alleles were associated with an increase in PCA risk among Caucasians. However, the American Cancer Society Cancer Prevention II Nutrition Cohort (CPS-II) study reported protective effects 44 and null findings were observed for Caucasians of the Health Professionals Follow-up Study, 45, 46 PLCO Study 45 as well as a meta-analysis of 3142 cases and 2567 controls. 45 Consistent with this study, five independent studies reported null findings in relation to PCA risk and possession of TLR1 rs46224663 and TLR6 (rs5743814, rs5743810, rs1039559 and rs3821985) variant alleles. [44] [45] [46] 51 Inheritance of one or more minor alleles were associated with either an increase (TLR1 rs5743604 and TLR10 rs4274855) 45, 51 or decrease (TLR1 rs5743595, TLR1 rs2149356 and TLR4 rs1927911) [43] [44] [45] in the risk of developing PCA among Caucasians in four separate observational studies. However, these same markers were not significantly related to PCA among men of African and European descent in the current study and other independent studies. 40, 42, 45, 46 The TLR4 rs1927911 CC genotype was linked to an increase in PCA risk in one small Korean case-control study; 38 whereas, another Korean study did not reveal a statistically significant relationship. 41 Discrepant findings for these two Korean studies may be attributed to differences in methods used for allelic discrimination. Utilization of restriction fragment length polymorphismpolymerase chain reaction method used in the former study 38 may not have the same capacity to discern between homozygous and heterozygous genotypes, relative to a more advance method used in the study performed by Kim and co-workers. 41 Other explanations for differences in the directionality of PCA risk estimates in the aforementioned TLR-related SNPs may include: inadequate statistical power to detect significant differences between PCA cases and controls among Koreans; 38, 41 failure to adjust for multiple hypothesis testing; 38, 39, [41] [42] [43] [44] [45] [46] 51 and unknown environmental exposures/lifestyle factors (for example, pathogens, environmental toxins and antioxidants). [38] [39] [40] [41] [42] [43] [44] [45] [46] 51 Variations in population composition may account for the mildly suggestive yet distinct risk alleles noted in the men of African descent from the United States (IRAK rs4251473, IRAK rs425154 and TOLLIP rs5743899) and Jamaica (IRF3 rs2304206 and TLR6 rs2381289) in this study. This study is the first to address a relationship between select polymorphic TLR-related genes and PCA in general (that is, TLR2 and IRF3) and more specifically among men of African descent (that is, TLR1, TLR2, TLR4, TLR6, TLR10, IRAK4, IRF3 and TOLLIP). TLR6 rs2381289 and TLR2 rs1898830 PCA-related SNPs identified in this study are likely to affect transcriptional regulation of TLR genes. TLR2 and TLR6 are controlled by the master regulatory transcription factor p53 [76] . TLR-associated SNPs may alter p53 interactions with these TLR genes. Furthermore, the IRAK4 rs4251545 SNP, in silico, codes for alterations in mRNA splicing, which in turn may influence mRNA stability, IRAK4 kinase activity and TLR signaling protein-protein interactions. Such alterations may lead to biochemical conditions that favor cell death, decreases in matrix metalloproteinases linked to cell migration, decreases in proinflammatory cytokines/chemokines and ultimately abrogation of tumor growth. However, further molecular biological studies are needed to determine the exact impact of the aforementioned SNPs on prostate tumor biology.
We are aware of both strengths and limitations of our approach. Although we observed nominal relationships between selected TLR-associated SNPs and PCA risk, we cannot rule out the possibility that anomalies within the innate immune pathway will influence disease prognosis. Consequently, future studies will enable us to evaluate the relationship between TLR SNPs and Gleason score, tumor stage, biochemical/disease recurrence and overall/disease-specific mortality. Future multicenter pooled genetic studies with thousands of cases and controls may enable us to confirm and refine our small effect sizes. It is plausible that other targets immediately downstream of the TLRs in innate immune signaling pathways may have a role in PCA risk among men of African descent, as shown in Figure 1 . Moreover, PCA susceptibility may also be influenced by polymorphisms of some genes even further down the TLR signaling pathway, including caspases (CASP 3, 7, 8 and 10), mitogen-activated protein kinases, interferon-regulatory factors, interferons, inflammatory cytokines and chemokines. This represents an area of active research within future collaborative studies in our lab.
Analysis of mRNA and protein levels of TLR-related SNPs and investigation of the relative expression and activity of downstream targets are needed to define the biological mechanisms that give rise to PCA disparities among men of African and European descent. The genetic admixture among African-American men, as documented by other published reports, may modify the relationship between TLR SNPs and PCA risk. For this study, analyses were restricted to men with X25% West African ancestry. Adjustment of our risk models for West African ancestry ultimately had no significant bearing on calculated risk estimates among African-American men. Because of chance alone, it is estimated that 5% of the 744 SNP interactions among 32 TLR sequence variants will result in 37 significant relationships. However, we controlled for multiple hypothesis testing bias by adjusting our Figure 2 . This graphical model describes the percent entropy as explained by each single TLR-related SNP or a combination of two loci within the US population. Information gain or synergy is expressed as positive percent entropy. Redundant or missing information gain is expressed as negative percent entropy. A range from synergy (that is, non-additive) to redundancy is represented using a schematic coloration in the visualization tool. The colors range from red representing a high degree of synergy (positive information gain), orange a lesser degree and gold representing independence and a midway point between synergy and redundancy. Green represents redundancy.
MDR findings with permutation testing. Given the low prediction accuracy (that is, 61.9%) between TLR2 and IRAK4, our study findings require replication within independent study sets. However, recent simulation studies demonstrate that even modest disparities in genotype frequencies among study participants of independent study sets may interfere with the capacity to replicate complex interactions. 52 Consequently, to replicate our findings, it is critical that future replicate studies should have the same genetic architecture (that is, ancestry identification markers and TLR SNPs) as the African Americans in this study. Caution is recommended in the interpretation of our study findings because of a modest marginal effect between TLR signaling sequence variants and PCA risk. However, enthusiasm for the relationship between PCA and the innate immune signaling pathway was slightly elevated in our exhaustive two-and three-way interactions. In particular, our exploratory analysis revealed a synergistic relationship between IRAK4 and TLR2 as significant PCA markers among men of African descent in the United States. We speculate that genetic variations in TLR-related genes may influence the PCA risk by modulating cell survival, proliferation and/or inflammation. Mechanistic studies are needed to corroborate these findings and explore the functional consequences of TLR-related SNPs on PCA development. By combining our genetic variation analysis of TLR-related polymorphisms with biological studies, we hope to develop a level of understanding that will allow us to accurately predict and eventually offset the increased genetic risk factors for PCA that threaten men of African descent.
MATERIALS AND METHODS
Study population
Two independent case-control study sets with participants from the PCA Clinical Outcome Study and the PCA Case-Control Study were used in this study ( Table 1 and Supplementary Tables A and B ). Among all 814 men of African descent, germ-line DNA samples were collected for 279 PCA cases and 535 disease-free men, as shown in Table Supplementary Table B . The examination and inclusion criteria of all subjects have been described in detail previously. 53, 54 
Genetic analysis of variant TLR-associated SNPs
De-identified germ-line DNA was obtained from incident PCA male cases (n ¼ 279) and controls (n ¼ 535). SNPs detected in TLRs (1, 2, 4, 6 and 10), IRAK4, TOLLIP and IRF3 were genotyped using Illumina's GoldenGate genotyping assay system combined with Veracode Technology (Illumina Inc., San Diego, CA, USA). Allelic discrimination was performed using a BeadXpress Reader (Illumina) according to the manufacturer's instructions. 51 Quality control analyses and data management were performed using SNP Variation Software (SVS) 7.0 (Golden Helix Inc., Bozeman, MT, USA). To ensure high-quality data, SNPs were excluded if: genotype call rates were o95% (n ¼ 1); genotypic distribution between controls deviated substantially from the HWE with a significant cutoff value of Pp0.005 (n ¼ 4); or the minor allele frequency was o1% (n ¼ 5). On the basis of the above criteria, 32 TLR-related SNPs were examined among men of African descent, as listed in Supplementary Tables A and D. Ancestry markers Among the US men, cases and controls were also genotyped with a set of 100 genome-wide ancestry informative markers to correct for potential population stratification among our admixed population, as described previously. 47, 48 Individual genetic ancestry was determined for each person using 100 ancestry informative markers for West African and European genetic ancestry. Individual genetic ancestry was estimated from the genotype data using the Bayesian Markov Chain-Monte Carlo method implemented in the program STRUCTURE 2.1, as detailed elsewhere. 47, 49 Study participants were grouped from lowest to highest genetic West African ancestry, with scores ranging from 0 to 100%. These 100 markers were evaluated using DNA from self-identified African-Americans (Coriell Institute for Medical Research, n ¼ 96), Yoruban West Africans (HapMap, n ¼ 60), West Africans (Bantu and Nilo Saharan speakers, n ¼ 72), Europeans (New York City, n ¼ 24) and CEPH Europeans (HapMap Panel, n ¼ 60), as reported previously. 48 Individuals with a West African ancestry score X25% and available TLR genotype data were included in the final analysis.
Statistical analysis for single gene effects
Univariate and multivariate statistical analyses were used to examine the relationship between TLR SNPs among men of African descent and PCA risk. For each TLR SNP, frequency differences in TLR genotypes between cases and controls were tested using the w 2 test of homogeneity. OR and corresponding 95% CIs for PCA risk in association with TLR SNPs were estimated using unconditional multivariate LR models after adjusting for age. LR analyses for genetic variants and PCA risk were conducted using the major or common genotype as the referent category. w 2 Test and LR analyses were performed using SAS 9.3 (SAS Institute Inc., Cary, NC, USA) and SVS software (Golden Helix Inc.). Adjustment for multiple hypothesis testing was achieved using false discovery rate (FDR). Statistically significant data was based on a P-value cutoff of 0.05.
Statistical power for single gene effects
We calculated the odds of developing PCA among carriers of at least one or more minor allele based on the average minor allele frequency 21.9-23.3% for the three study sets (that is, US men, Jamaican men and US and Jamaican men combined), a PCA disease prevalence of 0.740%, a significance level (a) of 5% and 100% linkage disequilibrium between the casual and the predisposing variant. According to our sample size for the combined population (279 cases and 535 controls), US (170 cases and 433 controls) and Jamaican men (109 cases and 102 controls), we had 480% power to detect ORs of X1.4, X1.6 and X1.9 for PCA risk, respectively. Statistical power calculations were performed using Power for Genetic Association Version 2 Software (National Institute of Health, Rockville, MD, USA), as described previously. 55 
Analysis of gene interactions using MDR
To evaluate the single-and joint-modifying effects of 32 candidate TLRassociated SNPs within a large data set is computationally challenging. To overcome this problem, open source and freely available MDR 2.0 was used to detect and characterize all possible one-, two-and three-way interaction models in relation to PCA (http://www.epistasis.org/). 56 To reduce computation time needed to process thousands of SNP combinations in relation to PCA risk, we distributed MDR on a workstation with 12 hyper-threaded cores across two central processing units (total of 24 simultaneous threads of execution) and 24 Gb of RAM. Although MDR has been described elsewhere, for convenience we provide a brief summary. With MDR, reduced genetic information is reduced to a one-dimensional multilocus genotype variable. 57, 58 Information from various disease loci were grouped and labeled as 'high risk' or 'low risk' based on whether or not the control ratio met or exceeded a particular threshold. Subsequently, the resulting one-dimensional multilocus genotype variable was examined for its capability to categorize and predict disease outcome through cross-validation and permutation testing procedures. A 10-fold cross-validation was achieved by dividing the entire data set into a training set and an independent testing set. The training set involved 9/10th of the data; the remaining 1/10th, known as the independent testing set, was evaluated against the training set. Evaluation of each independent testing set predicted average testing accuracy values for each MDR model. The greatest cross-validation consistency (that is, CVC X8/10) and highest prediction accuracy (that is, ATA) were selected as the best predictors of disease outcome. Sensitivity and specificity were determined as functions of true negatives (TN), false positives (FP) and false negatives (FN). Sensitivity, specificity and balanced accuracy values were calculated as follows: sensitivity ¼ (TP)/(TP þ FN); specificity ¼ (TN)/ (FP þ TN); and balanced accuracy ¼ (sensitivity þ specificity)/2. ATAs were averaged across all 10 pieces of the data, to provide an estimate of the predictive ability of the loci in relation to the outcome of interest. We used CVC to determine the degree to which the same best MDR model was selected across the 10 divisions of the data. Models with a CVC of X8/10 using a 10-fold cross-validation were considered more carefully. CVCs and ATAs were calculated across 1000 random seeds to ensure reproducibility in model selection. If the MDR model met the CVC criteria, we selected models that had the highest ATAs. Multiple hypothesis testing was controlled by CVC in combination with permutation testing. Permutation testing results p0.05, generated using random seed 500, were considered statistically significant. Age-group covariate effects were removed by integrating overand undersampling methods.
Visualization of interaction models using hierarchical interaction entropy graphs
Hierarchical interaction entropy graphs, based on information theory, were used to visualize and interpret complex interactions among selected TLR SNPs and PCA risk. [59] [60] [61] [62] With this approach, individual and all possible pairwise loci were assigned a joint or mutual information percentage score based on disease risk, respectively. Joint mutual information and mutual information gain scores were based on a number system, ranging from 0 to 100%. However, these scores rarely exceed 5-6%. When the pairwise or joint mutual information exceeded the mutual information gain scores, then the pairwise interaction was considered more informative in relation to PCA risk when compared with each locus considered separately. Potential interactions were assessed using interaction entropy graphs, which uses a color-coding system to depict redundant or synergistic interactions. The distinction between the synergistic or redundant epistasis models was based on a color coding system. Within the entropy graph, lines depicted between SNP pairs that were color-coded red, orange, green, blue and gold represented highly synergistic, moderately synergistic, moderately redundant, highly redundant and neither synergistic/ redundant pairwise interaction models, respectively. All entropy-based analyses were conducted using the Orange software (University of Ljuljana, Trzaska, Slovenia). 63 
